Introduction
Rio de Janeiro registered the highest number of dengue cases in a Brazilian city over the last 20 years. At present, the serotypes DENV 1, 2 and 3 co-circulate in the city of Rio and its greater metropolitan area, which is considered to be one of the country's most important entry and dissemination points for dengue viruses 1, 2 .
The dengue vector Aedes aegypti is generally abundant in urban areas of Rio and is highly resistant to insecticides and susceptible to the dengue virus. It generally breeds in large artificial containers, has high daily survival rates, and moves across variable distances depending on the environment and climate, while its populations are highly genetically structured 3, 4, 5, 6, 7, 8 . Differences in the degree of urbanization and in socio-economic status between adjacent blocks mean that Rio de Janeiro is a mosaic in terms of dengue epidemiology, where specific control activities for each area might be required 4, 9, 10 . Variations in the mosquito population size, daily survival rates, biting rates, and the duration of the extrinsic incubation period and/or dengue virus susceptibility within neighborhoods might elicit differential vectorial capacity, and consequently differences in disease transmission dynamics. Indeed, variations in vectorial capacity directly affect the basic reproductive number, R 0 , i.e. the expected number of hosts that would be infected by a single infectious person who had been in-troduced into a native population 11 . A R 0 value greater than one indicates that the number of people infected by the pathogen increases, while if R 0 is less than one that number declines 12 . Therefore, knowledge concerning vectorial capacity and the basic reproductive number in a dengue endemic area might generate increased awareness about the epidemiology of the disease and also constitute an important tool for developing successful control campaigns.
The aim of this report is to evaluate the vectorial capacity of Ae. aegypti in a suburban neighborhood of Rio de Janeiro, after assessing mosquito population size and daily survival rates by a mark-release-recapture experiment.
Materials and methods

Study area
A mark-release-recapture experiment was conducted in the dengue endemic neighborhood of Olaria (22º50'45" South; 43º15'39" West), a traditional suburban residential area of the city of Rio de Janeiro. In the 2000 census, Olaria had an estimated population of 62,509 inhabitants in an area of around 369ha, with a density of 169.6 habitants/ha 13 . Olaria has a large and extensive network of paved streets with low levels of traffic and is crossed by a railway. Water supply and garbage collection services are regular. Houses in Olaria generally have two to four rooms where no more than four or five people live per house, with large and shaded premises. In 2006, 43 dengue fever cases were registered in Olaria; and in 2007, 222 cases were reported. One month before starting field collection in Olaria, the premises index (which records the percentage of positive houses) for immature Ae. aegypti was 10.5 14 .
Mosquitoes
Ae. aegypti used in mark-release-recapture experiments were obtained from a laboratory colony starter from eggs obtained in ovitraps set in Rio de Janeiro city, that are constantly renewed with field collected eggs. Larvae were fed with fish food (TetraMin) and reared according to guidelines found in Consoli & Lourenço-deOliveira 15 . After emergence, females and males were kept together in a cage (30x30x30cm) at 25 ± 3ºC and 65 ± 5% RH and provided with a sucrose solution up to a day before the first blood feeding.
Marking, releasing and recapturing
Two blood meals were offered in subsequent days to Ae. aegypti females who had emerged for 3 to 4 days. Only fully engorged mosquitoes were used in the experiment. Therefore, we expect all released females to be gravid. Sucrose solution was supplied to females up to the day of release.
In November 2006, a total of 1,240 Ae. aegypti females aged 7 to 8 days were marked with fluorescent dust (Day-Glo Color Corp., Cleveland, USA) and released in the morning (between 8 am and 9 am), approximately one hour after dust marking.
Dust marked Ae. aegypti females were captured with the gravid sticky trap (MosquiTRAP, Ecovec Ltda.), a trap that has been show to be effective in attracting and capturing Ae. aegypti gravid females when installed outdoors 16 and CDC backpack aspirators 17 . Captures were performed daily and began one day after release. Thirty houses were randomly selected for aspiration, which was carried out for about 20 minutes per property, including the entire premises. One MosquiTRAP was installed in the vicinity of each of the 104 participating premises in Olaria. MosquiTRAPs consist of a black plastic jar with the internal walls covered with a sticky card that glues and holds the attracted mosquitoes. They were baited with 300ml of tap water and a synthetic oviposition attractant (AtrAedes, Ecovec Ltda.) for Ae. aegypti gravid females. MosquiTRAPs were inspected daily for the presence of dust marked and non-marked mosquitoes. Daily capture stopped when dust marked females were collected by neither the MosquiTRAP nor the aspirator for three consecutive days. All mosquitoes collected in the field were brought to the laboratory to be identified and checked for the presence of fluorescent dust under a UV light.
Population size and ovarian development analysis
To estimate the population size of Ae. aegypti in Olaria we used the Lincoln index 18 , which can be defined as:
, where a is the number of released females; n is the total number of mosquitoes captured; and r is the number of marked individuals captured. Once released females were added to the natural population, their number needed to be subtracted from the population estimate (P).
Estimations of population size were done with MosquiTRAP, a trap that essentially captures gravid females, and with the aspirator, a non-selective method.
In order to evaluate the proportion of gravid females in the natural population, all wild Ae. aegypti females captured in the aspirator had their ovaries dissected and classified according to Christophers 19 . Females with ovaries with stages I, I-II, and II were grouped as being at initial stages of development; stages III and IV were grouped as intermediary stages; and stage V was classified as final stage, once females were gravid.
Estimation of daily survival rates
The probability of daily survival was estimated by using two models: the exponential 20 and nonlinear 21 . Only field data were adjusted to models, in relation to the 7-8 days before mosquito release. For survival estimation analysis, collection data were fit according to one of three methods of capture: trapping only with MosquiTRAP, only with aspirator and with MosquiTRAP plus aspirator. Traditionally, the exponential model has been used to describe mortality patterns in mark-release-recapture experiments with Ae. aegypti, despite its two fundamental drawbacks: it assumes a priori that mosquito mortality is age-independent and it does not consider removal of individuals by the capturing methods. The nonlinear model allows for the correction of estimates caused by the removal of individuals 21 and can be written as:
, where C(t) is the number of marked individuals captured on day t; c is the daily capture probability; and S is daily survival probability. We fit both models to our data, using linear and nonlinear least squares standard procedures available in the software R 2.2.0 (R Development Core Team, http://www.R-proj ect.org). From the lower and upper 95% limits of the confidence interval for PDS (estimated by the nonlinear model), we derived two quantities: the average life expectancy, defined as 1/-loge PDS 22 , and longevity, defined as PDS 10 , where 10 is the duration of the extrinsic incubation period for dengue virus, when more than 76% of orally experimentally infected mosquitoes have the virus in the salivary glands 23 . Susceptible mosquitoes that survive in the field for 10 or more days after an infected blood meal are expected to live long enough to transmit the dengue virus. Field collections were not performed on the fifth day after release due to intense rainfall.
Vectorial capacity and basic reproductive number
After estimating the mosquito population density and daily survival rates, estimates were calculated for the vectorial capacity of Ae. aegypti in Olaria during the mark-release-recapture experiment. Vectorial capacity can be estimated as 24 :
, where m is the number of female mosquitos per person, b is the probability that a female mosquito transmits the pathogen to a human host, c is the probability that a mosquito acquires dengue while biting a viremic human host, a is the number of bites per human per day, P is the mosquito's probability of daily survival, n is the duration of the extrinsic incubation period and P n is the probability of a female mosquito surviving the extrinsic incubation period.
The human population on the 134 inspected premises (418 persons) was correlated with the mosquito population size estimation observed in this report. The probability of an infectious mosquito transmitting dengue was fixed at 0.90 15 .
Since the probability that a mosquito acquires dengue is influenced by virus titer, we simulated vectorial capacity using three probability values for c: 0.30, 0.45 and 0.55, with virus titer ranging between 10 5 and 10 6 (MID 50 )/ml 25, 26 . The duration of the extrinsic incubation period would be set at 10 days 23 . Mosquito bites per day were set at 3 27 , and since 90% of feeds are usually taken on humans 28 , the human biting rate per day would be 2.7 12, 25 . In the present report, vector capacity was simulated using the survival rates estimated by captures done with MosquiTRAP and aspirator.
The basic reproductive number (R 0 ) was calculated as follow 11 :
, where VC is the vectorial capacity and r is the recovery rate (which we set at 5 days for dengue).
Ethical considerations
Mark-release-recapture experiment protocols were submitted to and approved by the Fundação Oswaldo Cruz Ethical Committee (CEP/ FIOCRUZ protocol n o . 11591-2005). CEP/ FIOCRUZ allowed mark, release and recapture experiments with Ae. aegypti females without cut proboscis as in Honório 29 , since this amputation might influence female host-seeking behavior and consequently dispersal patterns and survival rates. As a counterpart, we committed ourselves to suspend mosquito release if any dengue case was registered in the study area before or even during the experiment.
Results
Recapture rates
A total of 174 dust-marked Ae. aegypti females were captured by MosquiTRAP and aspirator, representing a recapture rate of 14.03% (Table 1) . MosquiTRAP and aspirator caught dust-marked Ae. aegypti females 10 and 8 days after release, respectively. The capturing lasted for 13 days.
Population size and ovarian development analysis
Considering only data gathering with captures from MosquiTRAP, the Lincoln index estimated the population size in Olaria to be 3,505 gravid females. Meanwhile, data from collections using only the aspirator estimated the number of females to be 4,828. Since the aspirator is an active and non-selective collection method, i.e., it captures females at all physiological stages, the proportion of gravid females in the population needed to be defined. From the 183 non-marked females collected by the aspirator, the ovaries of 174 were dissected (95.08%). Despite the variation within groups per day (Figure 1 ), gravid females were overall 30.45% of females captured by the aspirator. Therefore, the aspirator estimated the number of gravid females in the population to be 1,470.
Daily survival rates and longevity estimates
The nonlinear model provided higher estimates of daily survival than the exponential method ( Table 2 ). The low goodness-of-fit, measured as R 2 = 0.475, when data from MosquiTRAP was analyzed, indicated a low fit to the data and promoted high amplitude in the interval of survival (Table 2) , which indicated that between 4.23% and 26.3% females would be alive 10 days after release and then, able to transmit the dengue virus. With the use of the MosquiTRAP alone, the average life expectancy in the field varied from 3.16 to 7.48 days. When data from the aspirator and MosquiTRAP plus aspirator were analyzed, high goodness-of-fit and low interval of survivorship and average life expectancy values were observed ( Table 2 ). The use of aspiration increased the fit to the data ( Table 2) .
Vectorial capacity and basic reproductive number estimations
The vectorial capacity values ranged between 0.0157 and 0.4215. The lowest value was observed when a daily survival rate of 0.715 and a probability of mosquito infection of 0.30 were used. Meanwhile, the highest value was obtained when vectorial capacity was simulated using a daily survival rate of 0.844 and a probability of mosquito infection of 0.55. Remarkably, the higher vectorial capacity value was almost 27 times higher than the lowest value.
Using the two vectorial capacity values obtained, the basic reproductive number ranged between 0.0695 and 1.88. Thus, if we consider the lowest value for R 0 , disease transmission declines. On the other hand the highest value of R 0 indicates that the number of people infected by the virus increases.
Discussion
This report provided an estimate of population size and daily survival rate of Ae. aegypti females in a dengue endemic neighborhood of Rio de Janeiro by conducting a mark-release-recapture experiment using two collection methods. Evaluations of vector population size and survival rates in field conditions are critical for estimating the rate of contact between vectors and hosts, which is a substantial parameter for modeling disease transmission. Unfortunately, estimation of vectorial capacity might be biased since some biological aspects relating to Ae. aegypti females, such as the number of bites per human per day and the duration of the extrinsic incubation period have not been estimated in Rio de Janeiro mosquito populations, with the particular climatic, socio-economic and host herd immunity status characteristics. The recapture rate observed in the neighborhood of Olaria was in accordance with several other mark-release-recapture experiments conducted in Rio de Janeiro 7, 30 . Collections were performed by means of the daily aspiration of 30 houses and the inspection of 104 MosquiTRAPs. Since released females were gravid, recapture efficiency of MosquiTRAP might have been overestimated, especially on days following release.
The estimate of the Ae. aegypti population size presented different values if data on aspiration or MosquiTRAP were analyzed. This outcome was due to trap specificity, which may result in overestimations of gravid mosquito population size in Olaria during the mark-release-recapture experiment. However, values were high, suggesting the possibility of intense dengue transmission in Olaria despite the mosquito capturing method.
The daily survival rate was also in accordance with a mark-release-recapture experiment conducted in two distinct neighbors of Rio de Janeiro 7 . Calculated average life expectancy of Ae. aegypti in November in Olaria was low for den- Table 1 Number of dust and non-marked females captured with the MosquiTRAP and the aspirator in a mark-release-recapture experiment conducted in Olaria, Rio de Janeiro, Brazil.
Days after release
MosquiTRAP Aspirator Note: there was no collection on day 5 after release due to intense rainfall. A total of 1,240 gravid females were released. Figure  1 are analyzed. The peaks of capturing roughly coincided with the average length of a gonotrophic cycle of Ae. aegypti females, i.e., around 3-4 days 34 . No field collection was performed on day 5 after release due to intense rainfall in Olaria. Thus, the number of mosquitoes counted in MosquiTRAPs on day 6 is the sum of the individuals captured on the 5 th and 6 th days. If we split the number of dust marked mosquitoes captured on day 6 (n = 31), we would still have a peak of marked females between the 5 th and 6 th days, although it is not a prominent one.
According to a mathematical model of dengue transmission developed by Luz et al. 9 , the two most important parameters in vectorial capacity estimations are daily survival rate and the duration of the extrinsic incubation period. Indeed, when vectorial capacity was simulated with the higher survival value observed (S = 0.844), a result 26 times higher than the simulation with the lowest survival rate (S = 0.715) was observed, despite the concomitant variation in the probability of a mosquito acquiring the dengue virus. Increases in vectorial capacity have the consequent outcome of amplifying R 0 , the basic reproductive number. A R 0 of 0.0695 suggest the number of people infected by the dengue virus in Olaria is in decline. Alternatively, a R 0 of 1.88 suggest intense dengue transmission 11, 12 . 
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